Abstract -The present paper gives results of floristic investigations of macrophytes in lakes on Mt. Volujak, the spatial distribution of the recorded species, and basic ecological characteristics of the milieu of life in the investigated biotopes. 
From the botanical aspect, the greatest attention of investigators has in the past been focussed on the lowland lake Skadar, which is the largest lake in Montenegro (č e r n j a v s k i et al. 1949; J a n k o v i ć and B l a ž e n č i ć , 1973; J a n k o v i ć , 1983; B l a ž e n č i ć and B l a ž e n č i ć , 1983a; r i s t i ć and V i z i , 1981; l a k u š i ć and P a v l o v i ć , 1981), while the republic's mountain lakes have been less studied. The mountain lakes have been investigated from time to time, starting in 1967 (i v a n o v i ć et al. 1968) . More thorough floristic-faunistic investigations of these lakes were initiated in 1979 (P e t k o v i ć , 1984). Since that time, more intensive research has been started on the flora and vegetation of about 30 lakes in the Prokletije range and on Mts. Bjelasica, Sinjajevina, durmitor, and Volujak.
Most of the results obtained in these investigations have already been published (B l a ž e n č i ć and B l a ž e n č i ć , 1986, 1989, 1994, 1994a, 1994b, 1997 ; B l a ž e n č i ć et al. 1994, 1995) . The present paper gives results of floristic and ecological study of macrophytes of the lakes Trnovačko Jezero, Veliko Stabanjsko Jezero, and Malo Stabanjsko Jezero on Mt. Volujak.
MaTerial and MeThodS
Study of the macrophytic flora in lakes of Mt. Volujak was carried out in august of 1987 (the lakes Malo Stabanjsko Jezero and Veliko Stabanjsko Jezero) and 1988 (the lake Trnovačko Jezero). Before collection of samples of plant material, air and water temperatures were measured with a mercury thermometer having a sensitivity of 0.2 o c. clarity of the water was established with the aid of a Secchi disk, while its reaction (ph) was determined with a special paper indicator . Physical features and characteristics of bottom relief were recorded on transects and transverse profiles.
investigation of the flora and vegetation was conducted by means of observation from the shore and from a light boat by the method of transects and transverse profiles. along each of the latter, samples were taken "dotwise," i.e., at enough points to get a full picture of the floristic diversity of vegetation and the distribution of populations of the recorded species.
Samples were collected with the aid of special rakes (B l a ž e n č i ć and B l a ž e n č i ć , 1991) and immedi-ately fixed on site with 4% formaldehyde. By analyzing a large number of samples from a dense network of transects "covering" vegetation of the littoral, it is possible to ascertain its floristic composition and the spatial distribution of populations of aquatic plants, which can be precisely enough shown on bathymetric charts. The bathymetric charts used in the present work were taken from S t a n k o v i ć (1998). laboratory processing of samples was done at the institute of Botany of the university of Belgrade's Faculty of Biology, in whose collection the material is stored. algae of the section charophyta were identified using the keys of c o r i l l i o n (1957, 1975) , G o l l e rb a k h and K r a s a v i n a (1983), and K r a u s e (1997), while identification of vascular plants was performed on the basis of the following literature: Flora of the uSSr, Vol. 1 (K o m a r o v and i l i n , 1934); Flora von Mitteleuropa, Vol. 1 (h e g i , 1965); Flora of the Socialist republic of Serbia, nos. 1-8 (ed. by J o s i f o v i ć , [1977] [1978] [1979] ; and Flora europaea, Vol. 5 (d a n d y and Va l e n t i n e , 1980).
reSulTS and diScuSSion
The lake Trnovačko Jezero. The lake Trnovačko Jezero is located in the northwestern part of Montenegro between the mountains Volujak and Maglić on the border with Bosnia-herzegovina (Fig. 1) . The lake also goes by the name of Volujačko Jezero from Mt. Volujak. it lies at an elevation of 1517 m above sea level, and its geographic coordinates are 43 o 15΄ n latitude and 18 o 43΄ e longitude. it is located in a spacious basin in the middle of the region's highest limestone masses (S t a n k o v i ć , 1998).
The lake Trnovačko Jezero is kidney-shaped, about 800 m long, and approximately 700 m wide. it has a poorly indented shoreline. The lake's greatest depth is 9.0 m. The water is clean and very transparent. The bottom is clearly visible to a depth of 4.0 m, and maximal water clarity was 7.0 m.
The lake is fed water from precipitation, sublacustrian springs, and short brooks, and loses water through sinkage and evaporation. The seasonal amplitude of fluctuation in the level of water is about 100 cm. Temperature of the upper layers of water on sunny summer days varies from 15 to 21 o c and differs little from air temperature (12.5 to 23.8 o c). The reaction of water of the lake Trnovačko Jezero is neutral to weakly alkaline (ph from 7.0 to 7.8). on the basis of the amount of dry residue (74 mg/l) and other indices of chemical composition (S t a n k o v i ć , 1998), it can be concluded that the lake's water is characterized by high purity.
in addition to water clarity as one of the most significant factors, relief and physical properties of the bottom and the littoral zone are also important for development and spatial distribution of plants in lakes. The shoreline of the lake Trnovačko Jezero is characterized by considerable diversity. There are scree slopes, morainal deposits, and material (sediment) deposited at its mouth by a short brook originating below the Bare Spring.
The bottom of the lake Trnovačko Jezero is completely overgrown with hydrophilic vegetation (Fig. 2) . Submersed plants are absolutely dominant in it, floating plants occur sporadically, and there is no zone of emersed plants (Fig. 2) .
even though there is no zone of emersed plants, of plants belonging to this zone, specimens of Carex rostrata Stokes in With are found at certain places in offshore shallows. as for the zone of floating plants, it occurs in the form of a single discontinuous "concealed" belt at a depth of between 0.5 and 2.5 m. The only floating plant on the given lake is Potamogeton gramineus l. This species is characterized by the existence of submersed and floating leaves. Most of the plants of this species at the time of our investigations exhibited development of only submersed leaves, and floating leaves were developed solely on certain plants in shallow parts of the lake. inasmuch as individuals of this species are found at depths of from 0.5 to 2.5 m, there is little probability that examples from greater depths will "throw out" floating leaves before the end of the vegetation season at these elevations. Thus, even though there are plants with floating leaves that could in view of their distribution in the lake build a floating belt, such a belt is nevertheless not formed because floating leaves of most of the plants of this species do not rise to the water's surface.
The bottom of the aquatic basin of the lake Trnovačko Jezero is completely covered by submersed plants. in this vegetation belt and throughout the entire lake, the species Chara contraria A.Br. and Chara virgata Kutz are absolutely dominant. This characteristic is so typical of the given lake that it can be designated a "lake of the Chara type" (Fig. 2 ). down to a depth of 3.0 m, populations of the two mentioned species occur mosaically in mixed associations with vascular plants of the species Potamogeton gramineus, Ranunculus trichophyllus, Myriophyllum spicatum, and Potammogeton lucens (Fig. 2, Table 1 ). At lesser depths (1 to 2 m), Chara contraria and Chara virgata are either equally represented, or else Chara contraria is more abundant. The abundance ratio changes with increase of depth, Chara virgata becoming increasingly abundant and in many places covering the bottom in the form of pure populations. Morphological characteristics of the thallus also change with increase of depth, especially in individuals of the species Chara contraria, in which characteristics of the form capillacea Mig. become more and more pronounced. charophytes are in the phase of fructification.
on plants from shallow parts of the lake (to a depth of 2.0 m), there is a well-developed coating composed mainly of algae, while numerous larvae of aquatic animals are present in the rhizoidal part. The plants are also very incrusted with calcium carbonate (caco 3 ). calcification decreases with depth, so that plants from the greatest depths are almost completely without a calcified wrapping around their thalli. numerous "packets" of snail eggs are also present on the thalli of these algae.
The temperature of water in the surface layers (20.6 o c) differed insignificantly from air temperature (23.8 o c). The temperature of water in vegetation declined with depth, but did so very slowly, with the result that the difference between temperature in the surface layer and temperature at a depth of 4 m (17.5 o c) comprised 3.1 o c.
The Stabanjska Jezera Lakes (Veliko Stabanjsko Jezero and Malo Stabanjsko Jezero). These lakes are found in the western part of Montenegro on the Bioče mountain massif, which makes up the eastern part of Mt. Volujak (Fig. 1) . The lake Veliko Stabanjsko Jezero lies at an elevation of 1319 m above sea level, while the lake Malo Stabanjsko Jezero is at 1194 m. The geographic coordinates of the former are 43 o 11' 40" n latitude and 18 o 43' 35" E longitude, while those of the latter are 43 o 11' 10" N latitude and 18 o 43' 40" e longitude (S t a n k o v i ć , 1998). like the lake Trnovačko Jezero, the Stabanjska Jezera lakes are glacial in origin. They lie on limestone and receive water from precipitation, while the lake Veliko Stabanjsko Jezero has two temporary tributaries as well. Water is lost from the lakes through evaporation and filtration. Both lakes are characterized by great seasonal fluctuations of the water level. The water level throughout the year varies 4 to 5 m in the lake Veliko Stabanjsko Jezero and as much as 17 to 18 m (!) in the lake Malo Stabanjsko Jezero. according to S t a n k o v i ć (1998), the chemical composition of water in these two lakes is similar. The reaction is neutral (ph = 7.3), and nitrate, nitrite, ammonia, iron, and manganese are lacking. The lakes are characterized by somewhat elevated content of sulphate (17.3 and 16 mg/l, respectively), which comes from schists. Total hardness (5.6 o ph for Veliko and 6.7 o ph for Malo) points to significant representation of limestones in the watersheds, as is also indicated by the recorded quantity of calcium (36.0 mg/l for Veliko Jezero and 50.4 mg/l for Malo Jezero).
The lake Veliko Stabanjsko Jezero is oval-shaped, with the long axis oriented in a northwesterly direction. it is about 300 m long and around 200 m wide. The shoreline is weakly indented. Boulders are found around the lake, and the shore is formed by sediment at places where periodic streams flow into it. Maximal depth of the lake is 9.5 m. Water clarity is 6.5 m. The water is clear and darkgreen in color. The bottom in the southeast and northwest parts of the lake is gently sloping, and hydrophilic vegetation in these places is significantly better developed and more diverse than in parts of the lake characterized by a steep and rocky bottom (Fig. 3) .
Three zones of aquatic plants are distinguishible in vegetation of the lake Veliko Stabanjsko Jezero. along the shore is a narrow and discontinuous belt of semi-aquatic plants. This zone is replaced and sometimes broken up by a zone of floating plants, while the widest zone in the lake is formed by submersed plants. They are also present in the two preceding zones, but in somewhat deeper water build underwater plant communities by themselves.
The emersed zone in shallows near the lake's banks from the shoreline to a depth of 0.5 m is built of the following species: Carex vesicaria L., c. rostrata, Heleocharis palustris (l.) r.Br., Glyceria plicata Fr., and Alisma plantago-aquatica l. also recorded in this zone are the submersed species Ranunculus trichophyllus, Chara virgata, and Chara aspera Willd., which occur there mosaically to build mixed plant communities with semi-aquatic plants. Moving deeper (from 0.5 to 2.5 m), such vegetation is replaced by a discontinuous belt of floating plants. only one floating species-Potamogeton natans l.-is found in this zone, and the following submersed species are also present in it in varying floristic and quantitative ratios: Potamogeton lucens, Myriophyllum spicatum, Chara virgata, and Chara aspera. With increase of depth and depending on relief of the bottom, there is an increase in the abundance and coverage of submersed species. Gentle bottom slopes to a depth of 2.0 m are overgrown by populations of charophytes in the form of underwater carpets among which are found examples of the species Myriophyllum spicatum. Between 2.0 and 3.0 m of depth, the dominant species in vegetation is Potamogeton lucens, which at greater depths (3.0 to 6.0 m) builds the monospe- cific subassociation Potamogetonetosum lucentis J. and ž. Blaž. subass. n. (Fig. 3) .
The lake Malo Stabanjsko Jezero is located in a beech grove at the bottom of a deep funnel-shaped doline. The banks, especially the east and west banks, are very steep and rocky. The bottom of the lake, particularly near the shore, is muddy. although it is small and shallow in summer, the lake Malo Stabanjsko Jezero becomes several times larger in spring or at times of heavy precipitation. on the basis of tracks visible on shore, we were able to establish that the boundary of the highest water level is located 17 to 18 m above the water level at the time of our investigations. The water is yellowish-green in color and transparent to a depth of 3.0 m. The greatest measured depth was 5.0 m. The lake's macrophytic flora is represented by only two species of charophytes: Chara virgata and Chara aspera. A dense population of Chara virgata overgrows the muddy bottom in the north and northwest parts of the lake at depths of from 0.5 to 4.5 m (Fig. 4) . Mixed populations of the species Ch. virgata and Ch. aspera appear in shallower parts of the lake in places where the muddy bottom passes over into a rocky bottom, while only sparse and low bushes of Ch. aspera are present next to the shore itself (0.1-0.2 m), where they develop on detritus between rocks and boulders.
There are no vascular macrophytes in the lake Malo Stabanjsko Jezero. The main factor preventing the development of vascular plants in this lake is the exceptionally great seasonal amplitude of fluctuation in the water level (17-18 m!). as a result of this fluctuation, the lake is a suitable habitat for survival of only submersed macrophytes adapted both to deep water (which is present at times of high water levels) and to shallow water (present when the water level is low), and Chara virgata and Chara aspera are precisely such species.
in the western and central parts of the Balkan Peninsula, both Chara virgata and Chara aspera are widely disseminated species (B l a ž e n č i ć and B l a ž e n č i ć , 2003). They are found in aquatic ecosystems on a limestone geological substrate in water with a neutral to basic reaction (ph 7.2 to 8.0) in mixed or pure populations (B l a ž e n č i ć and B l a ž e n č i ć , 1994c; B l a ž e n č i ć et al. in cases of aquatic ecosystems characterized by great amplitudes of fluctuation in the water level, charophytes are also reliable indicators of minimal water levels. To be specific, the outer boundaries of their populations are most often also the boundaries of the lowest water levels in a given habitat. Thus, it is possible on their basis to judge indirectly the minimal annual water level, just as it is possible on the basis of indicators on shoreline rocks to draw indirect conclusions about the highest water levels. located at a short distance apart from each other, the lakes Veliko Stabanjsko Jezero and Malo Stabanjsko Jezero are also a good example illustrating the fact that the appearance, development, and survival of aquatic macrophytes are in the presence of the same climatic conditions, geological characteristics of the substrate, and physico-chemical characteristics of the water-decisively influenced by the dynamics of hydrological phenomena, physical properties and morphometry of bottom relief, and adaptive characteristics of the species.
Floristic Survey of Species in Lakes on Mt. Volujak and Their Dissemination in Montenegro
Carex rostrata Stokes in With. (bottle sedge). The species has been previously recorded at 14 localities around lakes, beside brooks, and on boggy terrains at elevations ranging from 6 to 1678 m above sea level (r o h l e n a , 1942; B l a ž e n č i ć and B l a ž e n č i ć , Heleocharis palustris (l.) r.Br. The given species has been recorded at a greater number of localities (around 30) in ditches, swamps, bogs, and marshes from low-lying to mountainous regions at elevations ranging from 6 to 1678 m above sea level (P a n č i ć , 1983a, 1992/93, 1994a, 1996, 2005 ; B l a ž e n č i ć et al. 1993/94). The lake Veliko Stabanjsko Jezero is a newly recorded locality for this species.
Glyceria plicata Fr. (plicate sweet-grass). The species has been recorded at four localities in ditches, beside brooks, around springs, and on the shores of lakes on the Zoljevica near andrijevica, in the vicinity of Berane, on Mt. durmitor, and in the dale crtov do below Mt. ledenica at elevations of 690 to 1600 m above sea level (r o h l e n a , 1942). The lake Veliko Stabanjsko Jezero is a newly recorded locality for this species. , 1983a, 1989, 2004 ; B l a ž e n č i ć and c v i j a n , 1980). The lake Veliko Stabanjsko Jezero is a newly recorded locality for this species.
Potamogeton natans l. The given species has been recorded at a greater number of localities (around 20), most often in standing waters (lakes, fish farms, stagnant tributaries, bogs, canals). it is distributed from low-lying to mountainous regions at elevations of from 6 to 1780 m above sea level (P a n č i ć , 1874; S t a n k o v i ć , 1934; r o h l e n a , 1942; l a k u š i ć and P a v l o v i ć , 1976; c o v i c h and K n e ž e v i ć , 1981; P e t k o v i ć , 1981; l a k u š i ć , 1983; P e t k o v i ć and P e t k o v i ć , 1986; B l a ž e n č i ć and B l a ž e n č i ć , 1989, 1992/93, 1993/94, 1994a, 1996, 1997, 2005 ; B l a ž e n č i ć et al. 1993/94). The lake Veliko Stabanjsko Jezero is a newly recorded locality for this species.
Myriophyllum spicatum l. This species is distributed in standing and slowly flowing waters, in bogs, and on the banks of rivers, brooks, and lakes. in Montenegro, it has been recorded in many places ranging from lowlands (lake Skadar) to mountain localities such as lakes on Mt. durmitor and other high mountains. it is distributed at elevations ranging from 6 to 1517 m above sea level (P a n č i ć , 1983a, 1986, 1992/93, 1996, 1997 Potamogeton lucens l. The given species is distributed in rivers and lakes, as well as on fish farms. in Montenegro, it has been recorded at many places, from lowlands (lake Skadar, 6 m above sea level) to mountain localities up to 1440 m above sea level (such as lakes on Mt. durmitor and in the Prokletije Mountains) (P a n č i ć , 1874; r o h l e n a , 1942; č e r n j a v s k i et al. 1949; S m a r d a , 1968; B l a ž e n č i ć and c v i j a n , 1980; J a n k o v i ć et al. 1980; c o v i c h and K n e ž e v i ć , 1981; B l a ž e n č i ć and B l a ž e n č i ć , 1983, 1983a, 1986, 1989, 1996 , 1986, 1992/93, 1994, 1994a, 1996, 1997, 2005 ; B l a ž e n č i ć et al. 1993/94; r a k o č e v i ć , 2000). This is the first time that the lake Veliko Stabanjsko Jezero has been recorded as a locality at which the given species is found.
Potamogeton gramineus l. The given species has been recorded at 10 localities in standing and slowly flowing waters on Mt. durmitor (P a n č i ć , 1874; B l a ž e n č i ć and B l a ž e n č i ć , 1996; B l a ž e n č i ć et al., 1993/94), on Mt. Sinjajevina (B l a ž e n č i ć and B l a ž e n č i ć , 1996), and in the Prokletije Mountains (B l a ž e n č i ć and B l a ž e n č i ć , 1986). The habitats of this species are found at elevations of 1411 to 1500 m above sea level. The species Potamogeton gramineus is known from the lake Trnovačko (Volujačko) Jezero through specimens in the herbarium of the institute of Botany and Jevremovac Botanical Garden (university of Belgrade) collected by K. Maly on 8 august 1925.
Chara aspera detharding ex Willdenow. This species has been recorded in bogs and lakes of Montenegro at 10 localities ranging from low regions (ulcinj, lake Skadar) to mountain lakes on Mt. durmitor and in the Prokletije Mountains. it is found in habitats at elevations of from 1.0 to 1700 m above sea level (B l a ž e n č i ć and B l a ž e n č i ć , 1986, 1989, 1992/93, 1994, 1996, 1997a, 2002, 2003 Chara contraria a.Br. ex Kutzing. The given species is widely distributed in calm or slowly flowing waters of rivers, lakes, and bogs in low-lying to mountainous regions. it has been recorded at 16 localities at elevations ranging from 1.0 to 1773 m above sea level (V i lh e l m , 1912; F i l a r s z k y , 1931; B l a ž e n č i ć and B l a ž e n č i ć , 1986, 1989, 1992/93, 1994, 1996, 1997a, 2002, 2003, 2004, 2005 ; B l a ž e n č i ć et al. 1993/94). The lake Trnovačko Jezero is a new locality for this species in Montenegro.
Chara virgata Kutz. The given species is distributed in calm or slowly flowing waters of natural and artificial lakes in hilly and mountainous regions at elevations ranging from 620 to 1850 m above sea level (B l a ž e n č i ć and B l a ž e n č i ć , 1986, 1992/93, 1994, 1996, 1997, 1997a, 2002, 2003, 2004, 2005 (Figs. 2-4) . With respect to abundance and coverage, charophytes are dominant in vegetation of the lake Trnovačko Jezero, while they are the only recorded macroscopic plants in the lake Malo Stabanjsko Jezero. it can therefore be asserted that these lakes belong to the so-called Chara type of lakes. The lake Veliko Stabanjsko Jezero is floristically the richest (Table 1) and differs from the other two in terms of vegetation. Between 2.0 and 3.0 m of depth, the vegetation is dominated by the species Potamogeton lucens, which at greater depths (3.0 to 6.0 m) builds the monospecific subassociation Potamogetonetosum lucentis J. and ž. Blaž. subass. n. (Fig. 3) .
Floristic analysis of samples from lakes on Mt. Volujak revealed the presence of 13 species of emersed, floating, and submersed plants ( Table 1) . all of the identified species are here recorded for the first time at the investigated localities, with the exceptions of the species Potamogeton gramineus, which was collected at the lake Trnovačko Jezero in 1925 (K. Maly, herbarium of the institute of Botany and Jevremac Botanical Garden, university of Belgrade), and Ranunculus trichophyllus, which was recorded by r o h l e n a (1942) for the lake Trnovačko Jezero.
The species Alisma plantago-aquatica, Myriophyllum spicatum, Carex rostrata, Heleocharis palustris, Potamogeton natans, P. lucens, Ranunculus trichophyllus, Chara contraria, and Ch. aspera are known from a greater number of localities (10 to 30) in Montenegro and have a wide range of vertical distribution: from 1.0 to 1780 m above sea level. The species Chara virgata has also been recorded at a considerable number of localities (19), but it is found in habitats lying at elevations of from 620 to 1850 m above sea level. The species Glyceria plicata has a similar range of vertical distribution (690-1600 m above sea level). however, it is considerably rarer in the flora of Montenegro and has been recorded in only five places. in lakes on the highest mountains, the species Carex vesicaria has been recorded at eight localities (1319-1773 m above sea level), while the species Potamogeton gramineus has been recorded at 10 localities (1411-1500 m above sea level).
